Abstract. In this paper we reflect on our involvement in the design and development of two information systems: Fusion and EUscreen. Both are infrastructural initiatives aimed at contributing, from different angles, to wider public access to and appropriation of the European digital cultural heritage. Our analysis is founded on the notions of an installed base and gateway in information infrastructure development. We situate our co-design activities and infrastructuring strategies in relation to a broader interest in advocating not only the preservation of and access to digital cultural heritage, but, more importantly, enabling collaboration, to support the emerging practices of diverse user groups, and to contribute to cultural commons.
Introduction
In recent decades, European countries and their cultural and memory institutions (e.g. libraries, archives and museums) have invested heavily in efforts to digitize cultural heritage content by creating digital reproductions and copies of cultural artefacts, such as documents, paintings and audiovisual materials.
1 Increasingly large-scale conservation and digitization initiatives are building infrastructures for archiving cultural heritage in digital forms, and creating access to this common, shared history and culture. For institutions these digitalization initiatives create potentials for the long-term preservation of their collections, as well as for expanding public access to and use of their holdings (for examples of initiatives see (Sotirova et al. 2012) . Inviting people to interact with these growing digital cultural heritage collections enables new channels and means for enjoying and experiencing culture and history, and potentially encourages cultural appropriation and creative re-use of these collections in various sectors of society.
1 peer audiovisual file-sharing system for creative communities and their emerging media practices. The second initiative, EUscreen, developed a Europe-wide portal for digital audiovisual heritage.
To frame these two cases we build on the concept of commons, understood as particular arrangements for managing and governing shared resources (e.g. Ostrom and Hess 2007; Benkler 2013; Bollier and Helfrich 2012) . Our focus is particularly on the characteristics of the concept that has lately been referred to as cultural commons (Madison et al. 2010; Hyde 2010; Hess 2012; Bertacchini et al. 2012) . To analyse these cases we combine this broader framing of commons with a discussion of the concepts of infrastructure and infrastructuring processes, as being central to contemporary discussions of design (Star and Bowker 2002; Karasti 2014) .
Research on the collaborative design of infrastructures for digital cultural heritage has devoted little discussion to the becoming of infrastructure (Stuedahl et al. 2016) , and to which infrastructuring strategies this becoming of entails. In this paper, we employ reflexive analysis of Fusion and EUscreen to explore possible strategies for collective infrastructuring, and interrogate how infrastructures and the conditions that surround them can be instrumental in constructing and contributing to cultural commons. Presenting insights and findings from the collaborative design efforts made for the infrastructures in question, the paper thus addresses the complexity and limits of infrastructuring for cultural commons.
The article begins by bringing together the concepts central to discussions on commons, cultural commons, infrastructures, and infrastructuring from the selected literature so as to illuminate and contextualize the empirical work done in the two design cases that form the foundation of our study. Against this backdrop we then discuss and reflexively analyse some of the infrastructuring strategies and design solutions deployed in these projects. In doing this we make use of the concepts of installed base and gateway that have been developed within studies on infrastructures. We conclude our exploration with a discussion of the need for more flexible, open-ended and commons-like approaches in infrastructural design.
The backdrop: cultural commons and infrastructuring
Interdisciplinary research on commons is rooted in the study of shared natural resources and of the people and social dynamics involved with them. This research tradition has documented several ways in which communities formed around a set of common-pool resources (CPR) -traditionally being linked to forests, fisheries and/or land -have developed institutions and means of collectively governing them (Ostrom 1990) . Commons arrangements are thus ways of caring for and sometimes earning a living from a CPR in a sustainable manner without depleting those resources. The particular arrangements for each commons are unique, but in general they fall outside better-known private or public-property strategies. Because governing a successful and sustainable CPR is not a straightforward endeavour, commons (according to this research tradition) are described as a governance regime 99 Infrastructuring for Cultural Commons for shared resources that are vulnerable to social dilemmas . Potential problems -social dilemmas -with these natural commons are often located in the use, and especially the overuse/over consumption, of shared resources (Hardin 1968) .
Since the mid-1990s, scholars have proposed that the 'information commons' and the 'knowledge commons' emerging in the digital age are as relevant a subject of study as the more traditional natural commons (Hess 2008; Frischmann et al. 2014) . Information commons have often been characterized as intangible or immaterial. In these types of commons, the social dilemmas and challenges are also associated with congestion and free-riding, but the dilemma of scarcity or depletion -typical of natural CPRs -works in different ways. It is argued that these types of new commons follow a logic of abundance and non-rivalry, rather than scarcity, but that they are nonetheless susceptible to new types of enclosure and commodification Boyle 2008) .
The origin of the discussion about cultural commons in the digital and networked era can be traced back to two ideas about particular freedoms related to culture, and specifically to cultural re-use and appropriation. The first argument is built around the right to access and appropriate knowledge and culture that are, or should be, common. Lessig's (2002 Lessig's ( , 2004 ) writings on free culture emphasize that people should have the right and the tools to create and build upon the found digital culture, including on the Internet, and that people should be able to share their new derivative and creative works. This argument became one of the foundations for initiatives such as Creative Commons (CC) that offer a partial design solution in the form of a licensing framework and tools that could enable people to share and create new cultural production on more flexible terms than the existing intellectual-property regimes (IPR) allowed. Frameworks like CC can potentially support people in pooling creative digital resources to achieve common benefits, and eventually create digital commons. Benkler has summarized this argument as follows: BIf we are to make this culture our own, render it legible, and make it into a new platform for our needs and conversations today, we must find a way to cut, paste, and remix present culture^ (Benkler 2006) .
The second argument is built around the need to safeguard common resources from commodification. For example, Boyle (2003) propounds a narrative of enclosure, and discusses the threats of privatization and commodification that are confronting many common digital goods and resources today. According to Boyle this Bsecond enclosure movement^, e.g. the withdrawal or fencing off of information and digital cultural artefacts, is made possible by new technologies and mechanisms available online. Later on, Boyle (2008) has also discussed battles over intellectual property, and how the current regimes are harmful to our culture, creativity and innovation. When he discusses the Bnetworked commons of the mind^, he argues that the problems do not lie in rivalry over commons, but in other collective-action dilemmas, such as the lack of incentives and motivation to create common resources to begin with (Boyle 2008) . Along the same lines as Boyle, but with a different 100 Sanna Marttila and Andrea Botero vocabulary, Hyde (2010) defends cultural commons by developing an argument and a plea for our common culture, emphasizing how knowledge is common to all and should be safeguarded from commercial interests. The use and development of the concept of 'cultural commons' in scholarly literature are recent. In addition to the more philosophical perspectives put forward by Lessig (2004) , Boyle (2003 Boyle ( , 2008 and Hyde (2010) as discussed above, there are also several more empirically grounded studies on cultural commons that have focused on the institutional arrangements surrounding them, and have investigated these as arenas of collective action (Bertacchini et al. 2012; Madison et al. 2010) . The term 'cultural commons' has also been utilized as a political vehicle or strategic tool for pursuing change in the cultural sector (for examples see e.g. (Edson 2015; Edwards and Escande 2015) . In addition, cultural commons have become a favoured concept for discussing how ordinary people can take part in the processes and practices of culture institutions. Hence, cultural and memory institutions are increasingly exploring ways of creating new partnerships with their publics and of opening up the possibilities for people to curate, collect, contextualize and create cultural works from their digital collections (see e.g. Ridge 2014). It should also be mentioned that, already a decade ago, Bparticipation culture^was being used as shorthand to refer to new modes of media practices and production that rely on social networks, participation platforms and common-pool like resources on the Internet (see e.g. Jenkins 2006; Benkler 2006) .
While cultural commons is indeed quite a broad concept, in this paper we focus on the cultural resources that both cultural and memory institutions are responsible for preserving and creating access to (including the practices related to them), and the cultural materials that people create in their everyday life. From this perspective Bcultural commons^are evolving commons, cumulative in nature, sites where various positioned groups and individuals negotiate the value, creation, use and governance of diverse cultural resources. These groups not only shape our common cultural heritage and memory, but also create common-pool resources and knowledge commons.
It is important to recognize that institutions' common-pool resources of digital cultural heritage, and their management, differ significantly from commons-based peer production and participation systems online. On the one hand, in this case, the official institutional processes of digitization, archiving and preservation are often guided by rigorously defined best practices, policies and standards (e.g. the EBUCore metadata standard for audiovisual collections based on Dublin Core). On the other hand, the governance and management of common resources relies more on evolving social practices co-developed by community members in more flexible and fluid processes. A well-known example of this flexible process is the community-created folksonomies that emerge through the use of the hash-tag symbol (#) on Twitter, and which add additional context and metadata, and make the navigation and organization of content easier. Also, on YouTube there are everevolving social practices for e.g. initiating and sustaining audiovisual dialogue 101 Infrastructuring for Cultural Commons between community members, developing new genres, and the creation of workarounds for annotating and manipulating video (Wesch 2008; .
Because of these differences in approach, it is often the case that digital cultural heritage resources shared and maintained by institutions are associated with infrastructures and practices (both technological and social) other than those in and through which everyday users and communities engage. There are, of course, some initiatives emerging that aim to build bridges between these two sides. First, from an institutional perspective is worth mentioning Flickr Commons, an online repository that provides open, free access to digital images whose copyrights have expired or are unknown. Flickr Commons allows the general public to use published images without restrictions, and also provides a means for people to enrich the photographs by adding comments or other metadata on the platform. Flickr Commons has grown into an open, online catalogue of historical and archival images contributed by a variety of memory institutions, having started as a pilot project in which one institution collaborated with Flickr. The second example derives from the strong Wikimedia community, with the GLAM-Wiki initiative having created concrete practices and formed partnerships with memory institutions that are interested in sharing their offerings on Wikipedia and Wikimedia. These collaborations have taken multiple forms. For example, the Wikimedia community has improved online articles about some of the participating institutions' objects and collections (through the Wikipedian in Residence program); alternative cultural heritage repositories have been collectively developed (e.g. Wiki Loves Monuments); and the community has also developed specific software tools to aid memory institutions (e.g. to make batch uploads to Wikimedia via the GLAMwiki Tools project). Through initiatives like these, institutions and communities alike are attempting to contribute to global cultural commons. In these two examples the platforms used have first served people and their collaborative efforts (e.g. media sharing), and only later, when user volumes have grown and novel media practices have become more established, have digital cultural heritage institutions entered the platforms. There are also other recent efforts, such as Europeana Labs, that attempt to bring memory institutions' own platforms and practices together with community practices and community-created content and software.
In most cases, unfortunately, memory institutions pool their collections and offerings for open access, but do not pay sustained attention to people's actual media practices. It is also common for institutions not to offer the means for people to take part in decision-making or governance of the emerging cultural commons. It can also be the case, when commercial platforms are involved, that the future sustainability of the efforts becomes uncertain, and that co-optation threatens the harvested resources. Weaving connections to overcome the constraints that keep institutions' and communities' platforms and practices apart, and thus limit the emergence of truly cultural commons, is still a big challenge. What issues and processes should be brought into consideration when the particular conditions for contributing to cultural commons 102 Sanna Marttila and Andrea Botero are taken seriously? These remain underdeveloped areas of research, which we aim to address in this article. In design studies, the concepts of common, commons, and engagement with the commons literature have been of particular interest for the Participatory Design approach (Björgvinsson 2014; Seravalli 2012; Teli 2015) . Participatory Design (PD) practices share commitments and foundations with the commons literature, for example, they both build upon the capabilities and rights of people to act, negotiate, and decide on their own futures; both traditions discuss the potentials and dilemmas of collective action; and in both traditions there is an interest in understanding which types of infrastructures could support collective action . Moreover, in line with PD's political commitment, an argument has been made that PD should seek to align its efforts with and contribute to digital infrastructures and spaces that specifically nurture commons (Teli 2015; Hakken et al. 2015) . In order to pursue this interest in nurturing and sustaining commons, we will next review the relationship between infrastructure and infrastructuring, and clarify what our cases can tell us about engaging in infrastructuring for cultural commons.
Infrastructures are often defined as common-purpose structures that are designed and built to support human action, a sort of assemblage that carries and transports other things, in the way that a road, a bridge or a cable does. Most of the time, when these assemblages are Bfinished^, they turn into a sort of substrate that disappears into the background. Taking as a starting point previous work on the growing importance of information infrastructures as an integral part of contemporary life (Star and Ruhleder 1994; Neumann and Star 1996; Star and Bowker 2002) , the argument has been made that we should consider infrastructures more in their ongoing, relational terms. Scholars in traditions such as Science and Technology Studies (STS) and Information Systems studies (IS) have proposed that infrastructures are not merely substrates that disappear or things that are built and then left behind, instead infrastructures are constantly in the process of change and becoming (Neumann and Star 1996; Star and Bowker 2002; Karasti 2014 ) and therefore it is critical to trace backwards and forwards the relations that are created between people, materials and structures at all levels (Star and Ruhleder 1996) . To trace the implications of this relational view more accurately, Star and Bowker (2002) suggested that it is more interesting to ask 'when' something is being perceived as an infrastructure by its users, rather than 'what' an infrastructure is.
These long-term, relational preoccupations have led to a renewed interest in the doing and making of infrastructures, in what has been called Binfrastructuring^. Infrastructuring can be considered as a framework for thinking about design activities in more emergent terms (Karasti and Syrjänen 2004) . This approach to design stresses that, instead of focusing solely on particular artefacts and neglecting the surroundings in which the artefacts are placed, it is specifically the surroundings that become of critical concern (Pipek and Syrjänen 2006; Pipek and Wulf 2009) . As characterized by Star and Ruhleder (1996) , and further elaborated by (Pipek and Infrastructuring for Cultural Commons Wulf 2009) , information infrastructures are always rooted in social and technological infrastructures. This means that there is what these authors term an installed base for any given infrastructure. This installed base can be technological, but it can also consist of social arrangements and practices. Given the presence of an installed base, any new part added or new whole contributed will inherit some strengths and weaknesses from that base. According to Neumann and Star (1996) , infrastructure building is also different from building other self-contained systems, in that doing infrastructuring requires linking many communities (already rooted in their own installed bases) into a larger network. Infrastructuring work thus requires that this larger network be made into an active participant, something that in turn inevitably results in various technical and social interdependencies.
Accordingly, when doing infrastructuring, a lot of design work turns towards creating a continuous alignment between different communities and between ways of doing things (Björgvinsson et al. 2010; 2012a , b) while accounting for the creative 'design' activities of professional designers and users, without necessarily privileging either view (Karasti and Syrjänen 2004; Pipek and Syrjänen 2006) . Empirical research on how infrastructures emerge through infrastructuring has pointed out that such continuousalignment processes are partly mediated by what is called gateways (Jackson et al. 2007) . Gateways usually refer to assemblages and technologies that allow linking and bridging otherwise incompatible or disparate socio-technical infrastructures and practices. Most commonly, recognized gateways are technical appliances or interfaces that connect separate systems, networks or programmes together (David and Bunn 1988) . However, as pointed out by Edwards et al. (2009) and Jackson et al. (2007) , gateways should not be considered solely as technologies, but gateways are also socio-technical solutions. This is illustrated for example by the case of standards, which need to be integrated both into organizations and into the everyday lives of the people who use those standards, and thus develop new practices that act as gateways, too (Edwards et al. 2009 ). Organizations can also act as gateways and play an important role in mediating between systems and actors (Zimmerman and Finholt 2007) . In a similar way to the installed base, a gateway can thus be technological, while it can also be a social arrangement and a practice. From a design point of view gateway-like effects can sometimes be achieved by setting up in-between infrastructures (Botero and SaadSulonen 2010) . The concept of an in-between infrastructure denotes interventions and arrangements that enable experimentation among heterogeneous systems and with different actors before an actual infrastructure or its associated future practices have been settled. In-between infrastructures are thus temporary arrangements and sociomaterial assemblies, embedded in and emergent from a collaborative, or at least multiuser/multi-site, context that requires making provisional structures in order to move towards either more complete, more workable, or more formalized infrastructures. They allow those involved to rehearse future practices, and offer possibilities for understanding what the actual infrastructural initiative could require.
Next, we turn to the empirical cases and discuss some insights gained from these experiences, using selected concepts from the infrastructuring and cultural commons 104 Sanna Marttila and Andrea Botero approaches to give us a sounding board against which to project, reflect, and explore our experiences.
Tales of two infrastructures: Fusion and EUscreen
The purpose of this paper is to shed light on collaborative infrastructuring strategies in the design and development of infrastructures for digital audiovisual cultural heritage, and to suggest how design can contribute to sustaining and nurturing cultural commons. To elicit our argument, we draw on our past field and design work in the collaborative design and development of two information systems: Fusion (authors 1 and 2) and EUscreen (author 1). Fusion aimed at providing a decentralized software system and digital tools for ordinary people to publish and share community-created media, while EUscreen aimed to create wider public access to already existing, archived European audiovisual digital cultural heritage. These infrastructures aimed at either 1) providing digital tools to support people's creative activities with, and sharing of, community videos, or/and 2) creating more meaningful and wider public access to, and facilitating the appropriation of, European audiovisual digital cultural heritage. Even if the projects that developed these platforms were different -as we will elaborate later -there were many similarities in the foundations and objectives of these endeavours. The core objective in both cases was to learn from pre-identified user groups' existing media practices, and to connect together and support the evolution of these practices in relation to the digital tools and services developed. The second fundamental aim was to stimulate and support people's emerging creative re-use activities on various levels (ranging from accessing media to social enrichment and video remixing), and to develop openended infrastructures and software capabilities that could be shaped and further appropriated by the general public.
Both platforms were designed for audiovisual collections, although the media files in these collections originated from highly diverse sources. In Fusion the videos were mainly user and community-created, while in EUscreen professionals from various European audiovisual archives and broadcasting corporations curated the subcollections from their holdings. In addition, the platforms aimed to foster different use and creative activities. Fusion was targeted at helping communities of practice to share and produce community-created content in their mediated everyday life, while EUscreen is an access point for professional television programming and audiovisual heritage. Furthermore, the design approach to how to develop an infrastructure differed: in Fusion the starting point was communities and their practices, while in EUscreen the infrastructural development stems from the existing archival audiovisual content in various institutions. Even if these cases are dissimilar, and were carried out in different media and technology landscapes -the plan for Fusion was laid in the same year as YouTube was launched, while EUscreen's first version was made public when multiple video-sharing and editing platforms were emerging online -taken together these two experiences provide a broad view of the 105 Infrastructuring for Cultural Commons infrastructuring challenges for digital audiovisual cultural heritage, and point to issues that we propose are central to the emergence of cultural commons across time.
Both of these endeavours were part of long-term research initiatives co-funded by the European Union, and involved multi-professional consortiums from various European countries. The projects evidently had multiple objectives and various research outcomes in different research domains. Our treatment of the specific cases, which follows, focuses more on the participatory design efforts for developing Fusion and EUscreen infrastructures for digital cultural heritage, and less on the more technical software-development issues, although we do give an account of some of these issues. We conduct our reflexive analysis through the lenses of collaborative infrastructuring using two intertwined concepts: Firstly, we aim to locate and bring to the fore some of the abundant installed bases that we have encountered. Secondly, we trace some of the socio-technical gateways and inbetween infrastructures that we have designed or utilized in the projects. Using these concepts we highlight some of the design workarounds and ad-hoc arrangements we have devised to explore both the potentials of the envisioned social-technical systems, and the communities' emerging creative re-use activities and social practices.
These points are discussed and elaborated in the sections to come, however, first we present the cases individually in chronological order, and summarize the research activities, materials and participants.
FUSION -support for communities' everyday media practices
Fusion was an experimental peer-to-peer audiovisual file-sharing system for communities of practice and their creative activities. With Fusion communities were not only able to manage, share and archive their audiovisual productions in a decentralized way, they could also create customized audiovisual social media applications for themselves. The platform was developed as part of a three-year research project called P2P-FUSION 2 . The project had ambitious practical objectives. Firstly, it aimed at providing support for communities' social activities and media practices by encouraging the creative re-use of audiovisual content, specifically collaborative sharing, editing and enriching of videos, and providing tools for this. The second aim was to provide inbuilt software toolkit capabilities that would enable the development of social media applications, or the customization of existing applications to meet the needs of communities' particular practices. Thirdly, the project aspired to foster a conversation about finding solutions to various intellectual property rights (IPR) issues related to copyrights and the legal re-use of audiovisual materials. Sanna Marttila and Andrea Botero
In terms of technology, the Fusion platform connected a number of layers: a peerto-peer network for decentralized storage and distribution of media files, a distributed metadata layer with several social-processing and enrichment features (e.g. annotations and recommendations), an embedded licensing procedure for the content that utilized the Creative Commons licensing framework, and Social Media Application ToolKit (SMAK), which included components that end-users could combine to create their own social-media applications (Figure 1 ). These were Fusion's main software components and were prototyped and used throughout the lifespan of the project, and have been integrated into other systems and infrastructures. The Fusion system itself is, however, not currently available.
The design and development of Fusion were carried out in collaboration with selected user groups and communities (referred as content communities within the project, and hereafter). Our design involvement in the project related mostly to these participatory design efforts, especially those for the SMAK toolkit, as this was Fusion's main interface with end-users. The collaborative design partners, participants and other stakeholders took part in various continuous, programmed interactions (e.g., interviews, design tasks, workshops). Table 1 below provides an overview of the main activities and empirical materials that formed the basis for our research (see Marttila et al. 2011 for a more detailed account of the co-design process for Fusion and SMAK). All these events were recorded on audio and/or video, and the resulting design artefacts were documented (e.g. photographs, screen shots). In addition to the materials obtained through these specific co-design engagements, empirical data was collected in the form of field notes that were shared with the whole project consortium. In the case of the SMAK software development, we also made use of the discussions in the issue tracker and in the project-wiki documentation. As Fusion aimed to enable legal creative re-use of audiovisual materials, and of related copyright and intellectual property, the discussions were also collected into a public blog.
3.1.1. Developing Fusion -co-design partners and participants Because there was no pre-existing corresponding technological environment to support the kinds of audiovisual practices that Fusion aimed to support, there were no existing users who could provide insights to aid the design and development of this infrastructure. With no clear, pre-existing user base, the main strategy implemented for the infrastructural development of Fusion was to engage such communities of practice as could benefit from the proposed infrastructure, without those communities necessarily being aware of such needs themselves. Consequently a lot of time and effort was invested in developing a methodology for identifying and inviting potential communities to collaborate in the project. These communities were to be active in some way in producing audiovisual media, and should already be creating, or at least interested in using, audiovisual media so as to document their community activities, to learn from each other, or to communicate with others about their activities. Findings and insights from some of our earlier research on emerging de-centralized audiovisual practices, such as amateur video documentation of skateboarding, also informed the infrastructural development of Fusion. The project was premised on the idea that a decentralized peer-to-peer (P2P) architecture could provide these types of communities with a more efficient and relatively inexpensive environment, one that could also give them control over their content (in terms of both privacy and of ample scope for open media sharing) as opposed to the more prevalent centralized server options that were being developed at the time.
The involvement of the communities as co-design partners was carried out in three phases: First, we conducted a mapping of possible content communities, in order to list promising co-design partners and to obtain a more profound understanding of their current community media content and their practices online. This information was used in the creation of various use cases that Fusion could support. The content communities were identified and selected on the basis of a methodology and of criteria developed by the project partners 3 . The list was initiated with the names of potential communities compiled through snowballing contacts and suggestions from the project partners' own networks in Finland, Hungary and The Netherlands. This list included a wide variety of interesting communities, varying from very technologically and socially organized amateur film makers and musicians, activists, senior-citizenship, citizen-journalism and media-education communities to other more informal, small-scale groupings represented by sports circles of snowboarders and skateboarders, music hobbyists, and family or parenting communities, all of whom already had some kind of audiovisual cultural production connected to their community practices [A1]. The list was made more specific and extended by surveying the identified communities' websites and discussion groups. Their interests and characteristics were further mapped, while other potential communities were identified at the same time. The initial list was then reduced to 30 promising communities, with ten communities selected from each country. For each of these 30 communities a standardized overview data-sheet was produced so as to be able to compare them in depth (through phone interviews, sometimes email correspondence, and by consulting their websites). After a thorough comparison had been carried out using a scoring model, the project partners then invited for interview 15 communities that were regarded as viable partners (five from each country) based on their number of members, the stability of the community, and their ability to commit to a co-design process [A2]. These semi-structured interviews aimed to present the general idea of Fusion to community representatives, to obtain a clear view of their ability and willingness to participate in the project, and to begin charting their current audiovisual practices and infrastructures. To kick-start the co-design process a series of information day events were organized in all three countries [A3].
In the second phase of the community engagement we expanded the collaboration with some of the selected communities, who participated in co-design workshops, created scenarios and paper prototypes, and used demos and prototypes of the socialmedia applications built specifically for them with Fusion [4, 5, 7] . The community involvement closely supported the design process for the Social Media Application ToolKit (SMAK), and through it more indirectly Fusion's other software layers. The communities participating in the co-design of SMAK included: an online music makers' community that supported music and band-driven activities, such as concerts and promotion activities; an extended family, which consisted of geographically separated members, who shared their life events with each other using blogs and photo sharing services to keep the family connected; a volunteer-based folk-dance community that organized activities for children and youths, including traditional dances, singing, drama, play and performances, and who were interested in connecting more audiovisual media to these practices; and two sports-enthusiast communities comprised of acrobatics and parkour practitioners, who trained and organized events, which they documented on video and shared with community members and other communities, or then videos were captured to learn new moves and tricks. In addition, some specific use scenarios were explored with some educational communities and developer communities (e.g. mobile phone application developers) [A6] . Most of these co-design partners were located in Finland, where the design and development of SMAK was also carried out.
In the third and last phase of the co-design process, when a more developed software base already existed, the emphasis was on validating some more advanced and 110 Sanna Marttila and Andrea Botero specific use scenarios for Fusion via concrete proof-of-concepts ( Figure 2 ). One of these was a model for using Fusion to compile media in educational settings. The second concept aimed to test the feasibility of Fusion as an alternative channel for publishing and distributing media content from memory institutions (e.g. national media archives), and acting as a potential link for feeding community created content into the archives of memory institutions. These later forms of engagement then included an exploratory project organized in collaboration with teenage students and teachers from a secondary school in Budapest, Hungary, and the National Audiovisual Archives of Hungary. The students tested Fusion by using digital audiovisual heritage content from the NAVA archive in a concrete learning project linked to their curriculum [A7]. Another exploratory project consisted of a series of experiments and proof-of-concept demos carried out by The Netherlands Institute for Sound and Vision, and aimed to understand the implications and potentials of community-created content as new cultural heritage to be included in the archive's collections [A8].
Understanding community media practices
Since the content communities were the starting point for the infrastructural development, a lot of effort was invested in understanding the communities, their history, and current and emerging practices, and how these were mediated through audiovisual means. The selection process for the content communities provided the first systematic overview of the practices and the installed base that the Fusion system would inherit. By analysing the data-sheets, interviews and data gathered on information days [A1,2,3], we learned about the socio-technological factors present in these 
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Infrastructuring for Cultural Commons communities, which were often products of trial-and-error experimentation, rather than a conscious development of mediated practices. These installed bases included e.g. multiple shared email addresses, memory sticks and hard drives, emailing lists, old floppy disks and tapes, mixed with online picture sharing collections. These assemblies of media and tools were not only used as a basic communication infrastructure, but also as informal archival and distribution systems for communities' audiovisual media production and other creative activities. The findings confirmed to those involved in the project that there is a need for software components that communities themselves can customize to better fit various different practices (e.g. in the form of SMAK components). The results of the community mapping also revealed the limitations of the few server-side audiovisual solutions available at the time, and the dependency on hard-to-contact and/or expensive servers, which hindered the communities' capacity to expand their audiovisual practices.
During the co-design sessions [A4,5,7] it become evident that the communities' installed base was a result of a creative -but also a very fragile -bricolage of different components and practices. To give an example of such a practice, some of the communities were regulating access to part of their content using simple strategies like acquiring multiple domain names, or using practices such as sharing easyto-guess passwords. Doing the mapping helped some of the communities, as well as the design team, to realize that the communities relied heavily on existing social networks and on the identity they had already formed online. For most of the communities it was essential to be able to integrate any potential new software into their current digital media ecosystem. This was especially the case with their web services (e.g. simple content management systems and blog services), for which they had already created some workflows. Despite the original commitment to P2P solutions, it became evident that Fusion would also need to include ways of bridging the P2P network's contents and functionalities into existing web functionalities, as this was the most common installed base that the communities and their collaborators relied on. This is the backdrop to, and one origin of, the WebBridge application and gateway that is briefly discussed later in this article.
Just as the communities had their own installed base, the Fusion technology platform also relied on an installed base. Fusion was built as an open-source software project; parts of the platform were developed mostly utilizing existing open-source software and experimental P2P technology components developed prior to the project. At the time of the project, P2P technologies were mostly employed by specialists or Bgeek^communities, or used in very specific applications (e.g. simple file sharing). This meant that many of the protocols necessary for the new platform were not yet stable enough or standardized, which became a significant burden in the effort to build a generic platform. In particular, the project was unable to overcome Network Address Translation (NAT) traversal problems in the P2P clients. Because NAT methods for P2P varied, and some only used the server when establishing the connection, while others relayed all the data through it all the time, persistent incompatibilities and conflicts ended up adding bandwidth costs, increasing latency, or were detrimental 112 Sanna Marttila and Andrea Botero to real-time video sharing, and therefore entailed concrete user-experience limitations. Without overcoming this conflict, the benefits that P2P technologies offered these content communities could not be realized in practice. In addition, other technological difficulties, which are beyond the scope of this paper, created restrictions in terms of the limited video formats that the platform could support, the particular standards that could be relied on, and a number of other interoperability issues. An additional installed base issue that arose here is that of copyrights. The installed base mixes elements of technology and social practices that have created hitches in the project. At times, the licensing support chosen for Fusion conflicted with some of the communities' existing media practices. For example, some community's event documentation used Bborrowed^music for which they did not have a license of permission. Another community remixed copyrighted video materials without approval or consent from the copyright holders. Because Fusion aimed at explicitly facilitating legal creative re-use of audiovisual materials, the platform included an easy way to assign a Creative Commons licence that would specify the terms of sharing for all content or media files shared in Fusion. Implementing this mandatory software feature in the system forced users to select a licence for all media content injected into Fusion. However, adding this feature to the system did not necessarily mean that communities changed their media practices and started attributing material to the original sources. Nor did it mean that communities would start licensing their own work or would consider the various licence options, or using the Creative Commons licences outside of Fusion. Paradoxically, even existing public discourse around copyrights and media sharing on the Internet acted as a sort of installed base, and had a major impact on the way people approached Fusion. When Fusion was presented as relying on a P2P network, people often associated the system with Billegal^file sharing, probably because the technology first became known through platforms such as Pirate Bay and Napster.
Gateways and in-between infrastructures
The empowering impact that the system was hoped to achieve could not be fully concretized, and the final Fusion system did not fully meet the project objectives. In the following section we reflect on some of the bridges, the many gateways and the in-between infrastructures that we devised, or made use of, around Fusion in order to simulate the envisioned infrastructure and emerging media practices.
Following classic participatory design techniques we created a toy-like design game called SMAK Toys, in order to make visible both the content communities' installed base, and the installed base of the technologies used in Fusion. This SMAK Toys design game made it possible to run meaningful co-design workshops with a shared vocabulary among people unfamiliar with software development. SMAK Toys used magnetic cards (30) to represent different types of media content, and to create different uses and ways of sharing it (Figure 3) . During the first workshops [A4] we used SMAK Toys to map communities' current and future media practices. We also co-created scenarios and paper prototypes of specific applications that could support 113 Infrastructuring for Cultural Commons them (e.g. sharing photos and videos of a community event such as Parkour Jam). The individual cards functioned as 'building blocks' and formed a shared vocabulary that helped to create a common understanding of current media practices (accomplished by probing the communities' current installed base) and possible future media practices (accomplished using forthcoming Fusion social-media-applications concepts). The building blocks helped to make more concrete and visible what the community practices consisted of in detail, as well as to define and make visible the specific characteristics and functions that the new potential applications required (Figure 3 ). This design game as an infrastructuring strategy was used at the design-before-use stage (Redström 2008 ) and aimed at mapping how community practices and the tools they use are connected to other socio-technical systems and materials. Ehn (2008) discusses the configuration of design patterns (building on Alexander 1964) as a way to support user participation, future use and appropriation. In our case, the design patterns operated in two ways: First, for the participating communities, the design patterns provided an analytic, structured and visual representation of their current media practices and installed base, something which they had rarely thought about or articulated to one another. In these sessions community representatives jointly reflected on their practices, and in many cases, after creating the maps and scenarios, community members reflected on their communities' own governance structures, on the power relations that they had not noticed before, and on possible social dilemmas that existed in their cultural production activities when using their current practices and tools. This facilitated articulation and questioning of what they wanted from Fusion's features, and even from their own installed base systems. Secondly, for the designers and software developers, the patterns provided valuable input in terms of recognizing existing and emerging 
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Sanna Marttila and Andrea Botero media practices, current and possible audiovisual materials, and the communities' concrete installed bases. All this formed the basis for the feature and function specifications for the software components of the Social Media Application ToolKit (SMAK). Besides using participatory design techniques such as the SMAK Toys design game that served as a gateway to media practices, the project also prototyped several other concrete technical gateways. The first software gateway component, referred to as WebBridge, provided an interface between Fusion and the web, making it easier to share data and media content with other web-based applications or native applications. WebBridge was deemed necessary by many of the co-design partners, as they were not keen on putting a lot of effort into an experimental infrastructure that would not contribute to their online presence. Later, the WebBridge gateway also made it possible to develop the Fusion Mobile application. A second gateway component supported cases involving the integration of current archival infrastructure, with community created content coming from external software systems, into the archive's own catalogue system. This was made possible by conceptual mapping of the Fusion metadata to the archive's metadata formats (in this case the Sound and Vision archive) using a relatively simple custom-built Python script (SAVI). This proof-of-concept provided valuable input for understanding the requirements for the archiving in memory institutions community content that comes from external sources (i.e. What roles, working practices and collaborative arrangements need to exist between communities and archives for such an archival process to function?), and offered ideas about the potential for collaboration between official institutions and online communities (e.g. an archive could get assistance from communities to perform social tagging of archive collections) (Figure 4 ). 
Infrastructuring for Cultural Commons
In addition other in-between infrastructure prototypes were built on immature and disparate socio-technical infrastructures to help translate some of the abstract components of Fusion into more concrete forms. First, these in-between infrastructures were produced as paper prototypes, and later as mash-ups using existing software tools (not necessarily based on P2P technologies). In the later phases of the project, we developed alternative functional prototypes to better communicate the envisioned functionalities and infrastructure to the participating communities. When some of the key future components of Fusion were delayed due to technical incompatibilities, we created alternative demos and pilots to enable hands-on experimentation and to obtain more realistic input as regards the adaptability of software toolkits for use in communities' practices ( Figure 5 and 6 ). These were used to simulate and stimulate the becoming of infrastructure, its use and inhabitation.
The project also required a lot of mediation of shared understanding on various levels and between various stakeholders. One concrete example of a gateway created for this purpose was the various common-pool information resources compiled for different actors (e.g. community members and other end-user developers) in the form of wiki-based learning resources.
As discussed in this section the project encountered limitations in the key technologies and community practices that hindered the reach of Fusion and prevented it from being fully used. However, after having participated in the process, most of the communities did emerge from it with a clearer understanding of the place of audiovisual practices in the present and future of their community practices. Some communities, such as the extended family, started producing more video documentation that they then continued to share in an ad-hoc fashion, and others, such as the sports community, started more systematically exploring the use of emerging platforms like YouTube. . The audiovisual collection made available for EUscreen is curated by archives and national broadcasting corporations across Europe. The portal presents the items grouped under various themes (e.g. Arts and Culture, Conflicts) and genres (e.g. News), and includes broad metadata for the media, such as the broadcast date and geographical coverage (Figure 7) .
The EUscreen platform aimed to support, on the one hand, multi-professional collaboration (across memory institutions), and, on the other, the creative audiovisual re-use activities of various user groups. To achieve these aims, the project adopted a collaborative design approach with various stakeholders in three main areas: defining and building a digital online audiovisual collection to populate EUscreen; designing a technology platform and its offerings; and understanding and supporting the emerging practices of creative re-use. Table 2 below summarizes the main design research activities in thematic order. It should be noted that, for the purposes of this paper and for our analysis, we concentrate only on the early design and development work on the 4 The EUscreen portal was developed within two EU-supported projects: the EUscreen project (2009) (2010) (2011) (2012) , whose main objective was to design and develop the portal and produce an audiovisual collection of European television history, and the EUscreenXL project (2013) (2014) (2015) (2016) , which continued the development work, launched a new responsive interface and enlarged the audiovisual collection.
5 Currently the EUscreen portal makes publicly available a wide collection of over 60 000 items of television programming, and over 1 million metadata records of more than 20 audiovisual archives and public broadcasting companies throughout Europe. Besides being a stand-alone platform, EUscreen is also the largest provider of audiovisual heritage to Europeana.eu (an interface for digitized European cultural heritage providing currently access to over 50 million records of digital culture). , because the key infrastructuring decisions were taken during that time. In terms of the technology, the period of analysis covers the launch of the first public beta version of the platform and various parallel experiments carried out around it.
Building the foundations for EUscreen -content and prototypes
From the beginning, the project plan defined four very broad application areas for EUscreen: education, research, leisure and open cultural productions. These themes were already selected, based on previous work and collaboration by some of the consortium partners, when the funding application was made. The first phase of the project thus included refining and concretizing the characteristics and requirements of possible user groups and communities in relation to these thematic areas. Use-case narratives collected from all the project partners' previous experiences formed the bases for the initial functional user requirements made for the front-end development of EUscreen [B1] . Through further engagement with the selected user groups and stakeholders several use scenarios were created in the selected thematic areas [B2] . To validate the relevance of these use scenarios, evaluation sessions were conducted in various European countries, using the same design of testing protocol (including e.g. questionnaires, interviews and assignments) [B3] . Results from this previous process fed into two important activities: first, the audiovisual archives and public broadcasters providing media to the portal used them to create guidelines and criteria for a content selection schema in response to the devised scenarios. The content providers also prepared a set of shared metadata categories that everyone was to work with. Secondly, the project's technical and design partners used the scenario work to guide the design and development of the first version of the platform.
In order to build the audiovisual collection for EUscreen, and to clarify the possibilities for cultural appropriation and creative re-use that the portal was planning 6 A newer version of the portal was launched in October 2014 as part of the work in EUscreenXL. Since that project ended, EUscreen has been maintained through a foundation structure. 
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Infrastructuring for Cultural Commons content selection and the copyright-clearance process. This helped us understand the scope of the rights and the terms of use of the material made available for EUscreen. Importantly it also investigated what kinds of creative use activities future EUscreen visitors could actually do with the audiovisual content on the portal (See Marttila and Hyyppä 2014a) for a detailed account of the survey and its design implications for EUscreen). As it turned out that a large part of the available content had lots of copyright limitations, many of the envisioned use scenarios were impossible to realize. Some of the responding institutions that showed an interest in and possibilities for releasing materials for EUscreen under more flexible and open terms were invited for further interviews and exploration [B5] .
With the first working versions of the portal available, and a clearer idea of the concrete possibilities for supporting creative re-use with future EUscreen content, several co-design workshops were held to develop the main features, and to continue testing the concepts and scenarios developed [B6,7] . Due to the limitations caused by the copyright restrictions on the audiovisual collections that the project encountered in the first phase, the portal development did not encompass the more ambitious use and re-use functions (e.g. creating video playlists, extracting parts of videos as quotations, creating derivative works) envisioned in the advanced scenarios with the communities. The resulting EUscreen portal 7 . thus mostly had some core functionalities (e.g. searching, viewing items on a video player, and displaying metadata for each item from the collection) and limited content. To overcome these drawbacks, and in order to deepen our understanding of the challenges involved in creative re-use of online archival audiovisual materials, the project adopted a practical, design oriented perspective that included designing experiments, making alternative prototypes and staging events with a view to informing future EUscreen developments in more varied directions. To experiment and pilot open distribution of audiovisual heritage, a branded section was created for EUscreen on a separate hosting platform, Open Images, where five invited institutions released a selection from their video collections under a flexible Creative Commons licence [B8] . We also created an experimental prototype for EUscreen that allowed the combining of EUscreen content from different institutional sources and time periods. This prototype was called the Virtual Exhibitions (VE) builder, and as the name suggests it was a tool for curating and creating virtual exhibitions to be displayed on the portal. The prototype was designed and developed in close collaboration with user groups and participant institutions [B8,9] .
In the last co-design phase we engaged with domain experts, practitioners, and selected user groups representing the fields of research, learning, leisure and open cultural production. All of them were deemed to be potential beneficiaries from using online archival audiovisual content and creative tools of the type that EUscreen could have in the future. In the same vein, all the exchanges provided opportunities to Sanna Marttila and Andrea Botero identify ways in which future EUscreen developments could enable and support emerging creative activities, as well as supporting the advanced digital archiving of video. Three case studies centred on open cultural-production practices were conducted [B10]: A License to Remix! -a participatory video remix workshop -studied current and emerging audiovisual remix and mash-up practices among young people via participant observation and interviews. One of the central objectives was to understand the challenges involved in legal remixing, and to find ways that EUscreen could enable and support this. (For more details of the study see (Marttila and Hyyppä 2014b) . The Open Video Make workshop invited advanced users and experts to create experimental interactive videos that went beyond traditional remixing by including open data and other not so well explored video features. Our aim was to study how practitioners were making use of temporal and spatial video characteristics and metadata, and how to support expert users within EUscreen. The Linking Media educational workshop was held in a high school as a part of a history course. The workshop aimed to study how students could learn about and deepen their knowledge of European history by creating rich audiovisual compilations that linked cultural heritage material to other sources, and by sharing these collections and stories online with others.
Building on the installed base
The installed base in EUscreen was heterogeneous and complex. Even when we set aside the various technology systems that it aimed to combine -an inventory would not serve the purposes of this paper -the installed base was truly a melting pot of different professional worlds and work practices combining archival practices, software design and everyday media practices, to name but a few.
Nevertheless, the installed bases that ended up having the most weight in the project were those related to content, since the foundations of the project were very much built on the audiovisual materials of the participating institutions. The EUscreen collections originate from several archives and public broadcasting corporations, and they therefore also inherit the installed bases of those institutions and collections. These included a wide variety of curatorial processes, collection management policies, multi-lingual and multi-cultural issues whose relevance varied according to the collection, a myriad of different metadata standards, incompatible classification schemas, and multiple video formats to deal with. These challenges were expected, since the project's key objective was to achieve an interoperable collection of television heritage, both in standardizing the metadata, as well as in harmonizing the complex copyright issues. In fact, this attempt to increase interoperability and improve access to European audiovisual heritage was already bootstrapped in another EU-funded project prior to EUscreen, whose history became part of this new future infrastructure (e.g. differences in work practices, subcollections and formats were already identified as being important to overcome).
However, from the start it was the dissimilarity of copyrights and terms of use that posed the biggest challenge to the development of the socio-technical infrastructure.
Infrastructuring for Cultural Commons
As reported above, intellectual property issues, much more than the broad rhetoric of supporting creativity that underlies the project, clearly defined the final content selection for the EUscreen portal. Two examples illuminate this dilemma well: First, due to IP regulations and the challenges faced by the institution in clearing the rights, most of the video items available belong to the genre of news and current affairs, as these materials were often produced by the contributing institutions themselves, and consequently the rights to release them in EUscreen were easy to secure. While this type of content may be valuable to many user groups, it should be noted that many other types of interesting and useful content were excluded. These factors limited the scope of the heritage available on the platform, and its creative re-use value for the communities. Second, even though the content was enriched by detailed metadata, audiovisual content often requires other types of contextualization, or an engaging narrative, to be interesting or to become relevant. Again, the copyright restrictions on the EUscreen collection limited the possibilities for creating audiovisual stories that would combine materials from different sources and time periods -a very simple, basic use case that most people expected to be able to achieve with this type of content. It is also interesting to bear in mind, however obvious it is, that the consortium agreement and other legal contracts also added a strong layer to the foundations of the infrastructure.
Gateways and in-between infrastructures
To overcome the limitations imposed by the IPR restrictions, and to demonstrate the value of emerging media practices and creative re-use of audiovisual heritage, the project partners developed workarounds, demos and experiments in collaboration with representatives from the targeted user groups. For these, several pilots, codesign workshops and experiments were carried out in the form of gateways and inbetween infrastructures.
A key in-between infrastructure developed to try to bypass some of the limitations of EUscreen's installed base was the creation of the Virtual Exhibition builder (VE) prototype (Figure 8 ). The prototype allowed the combination of the portal's audiovisual content and text to curate and create video exhibitions around a selected theme or topic. Using the VE builder it was possible for public broadcasters and audiovisual archives to curate their content and create a thematic sub-collection, with contextualization and a possible narrative, without actually joining or editing the clips together. The VE builder worked as an in-between infrastructure that connected parts of the audiovisual collection, its content-management system, and the software platform, and provided an interface for creating virtual exhibitions that were then presented on the actual EUscreen platform. As is often the case with gateway projects, the aim of the VE builder was to Bhide^the complex infrastructure from the curators, and to create a bridge between practices, systems and different programmes.
The prototype was created in a co-design process together with selected representatives from the institutions taking part in the project as media content providers. Designing the VE builder and tools involved various activities, such as workshops, in 122 Sanna Marttila and Andrea Botero which collaborative design methods were used to generate ideas, and to inform and improve the design [B6]. The VE builder prototype was tested with all the content providers in another workshop in order to mirror the design in the institutions' needs, and to obtain feedback on the usability of the tools. Some of the organizations also created virtual exhibitions from the selected highlights from their own collections. Additionally, some researchers tested the prototype and created their own thematic exhibitions to communicate audiovisual stories about historical topics or events. This prototype was also used in a workshop with students, who experimented with the VE builder to test the applicability of such a tool in educational settings. Unfortunately this prototype, though functioning, was not made available for public use due to the copyright restrictions (Marttila and Hyyppä 2014a ).
Since it was not possible to allow downloading of the materials on EUscreen, in order to explore the more open and creative re-use scenarios developed for the portal, the project decided to make an experimental prototype on another existing platform for video hosting and sharing (Open Images) 8 The open culture workshops proved to be an interesting way to rehearse creative reuse practices, as well as to demonstrate the value of such practices in the context of the EUscreen project. They stimulated discussion around the topic within the consortium and with user groups, and provided valuable insights into what new requirements these emerging media practices place on socio-technical infrastructures. Two of the participatory workshops were held in collaboration with a local youth centre and a highschool, and the third was organized in conjunction with a larger festival run by the Open Knowledge movement. Besides bringing in new user groups to discuss these matters with us, these collaborating organizations played an important role in legitimatizing the activity and the approach to the rest of the consortium. Sometimes, the collaboration also created expectations that were difficult to manage and to meet, for example, in the case of the high-school teachers who were keen on continuing the collaboration and using in their courses the EUscreen tools that were ultimately not published.
From silos to commons?
Through reflexive analysis of the empirical cases of Fusion and EUscreen we have addressed two interrelated concepts that are central to infrastructuring processes: the installed base and the gateway. These notions were useful in discussing the sociotechnical infrastructural development required for digital audiovisual cultural heritage, and for identifying infrastructuring strategies that could contribute to cultural commons. In the following, we summarize some of the key findings and infrastructuring strategies found from these cases.
Probing the installed base
A growing infrastructure inherits both the limitations and capabilities of the installed base. Due to the heterogeneous, evolving nature of a growing infrastructure, it is important to actively probe and reveal the possible connections and interdependencies between different infrastructural elements, resources and actors. As discussed in the treatment of the cases, in both Fusion and EUscreen the installed base significantly influenced the design and development work on the systems. A lot of time was invested in the infrastructuring work on two levels: reconfiguring and redesigning the connection points with and between actors and resources, and on the integration -or simulation -of these different parts. In Fusion, particular attention was paid to the communities and their practices, and to connecting them with some of the institutional practices and processes. As these practices differed greatly, it was a learning process for both sides. The application concepts and technological offerings were shaped according to the needs and wishes of the communities. In turn, in EUscreen the foundation for infrastructural development lay more in the institutional processes and the audiovisual content deriving from the institutions. If we adopt the 124 Sanna Marttila and Andrea Botero understanding of infrastructuring as a long-term relational process, contributing to the emergence of cultural commons cannot be done by relying solely on the technological or social aspects. Instead many other actors, resources and processes have to be identified and brought together in a strategy that considers content, communities and the technologies that can weave them together.
Stimulating and simulating use through gateways
The experiences gained from the cases considered here also demonstrate the importance of creating gateways and in-between infrastructures to bridge otherwise incompatible socio-technical infrastructures and practices. This reflects the special attention that needs to be paid when Bbridging the gap between technology development and appropriation^ (Pipek and Wulf 2009, p. 467) . In both cases, however, for different reasons, creating so-called workarounds, demos and pilot projects became an essential infrastructuring strategy. In Fusion, the prototypes and software pilots were called for in order to simulate and stimulate future uses and practices (this includes both the creative re-use of media and end-user development), because the technology development was hindered by the limitations encountered in key technologies, challenges to connecting technology layers, and other interoperability issues. In EUscreen, the creative workarounds and infrastructuring activities were mainly called for by the legal and intellectual property issues (e.g. legal contracts, privacy issues and copyrights) related to the platform and to the audiovisual collection. In both cases, current and emerging media practices were rehearsed with various user groups and stakeholders through in-between infrastructures and assemblies of patched configurations of existing software tools and audiovisual media content. An important infrastructuring strategy in relation to gateways in both projects was bridging between silos of the common-pool resources and practices connected with them. As discussed earlier in this article, there is a gap between the digital cultural heritage collections and the systems that are made accessible by the cultural and memory institutions, and the platforms through which people use, create and produce digital cultural works. By configuring situations and events, such as a participatory video remix workshop for young people, rehearsing the creation of virtual exhibitions with museum professionals, or creating the conditions for open audiovisual platforms, people and institutions together envisioned what an alternative infrastructure could be if there were no current technical or legal constraints. Weaving together contexts, social practices and language, often from significantly different work and media practices, is an important part of the work done to achieve the socio-technical infrastructures that could support cultural commons, and which we aimed to contribute to. In our cases the pilot applications and ad-hoc workarounds enabled the advancement of particular pieces of the infrastructure, but more importantly they supported the process of evolving the practices, and sometimes even the values and changing 125 Infrastructuring for Cultural Commons attitudes, of the people taking part in the building of the infrastructure. Even if all of the qualities addressed and explored by the projects' in-between infrastructures and gateways were not implemented in the information systems, there is a good chance that they will be a part of the installed base of other similar infrastructures in the future, and hopefully contribute to creating awareness of the need for cultural commons.
Terms of use
In both cases the legal frameworks had a major impact on the development of the infrastructures. Both in Fusion and in EUscreen rights and terms of use were embedded in all the layers, starting from the Open Source software utilized. In EUscreen the audiovisual collections provided by the institutions had various copyrights and other rights issues attached to them, while in Fusion the project tried to promote an explicit sharing and attribution approach for the community-created content (via the Creative Commons licences). It became evident that copyrights, even when fairly liberal, shape the design, media materials and infrastructure practices in profound ways, thus presenting a practical challenge to the emergence of cultural commons. Communities making use of the offerings of these infrastructures have to continuously assess the legality of their actions on various levels, e.g. archival content, software building blocks, source code, as well as the platform's possible terms of use. Rarely are people invited and included in the process of shaping these rules of participation. Even in EUscreen and Fusion, which were designed in projects with a collaborative mindset, these terms were drafted by legal experts and implemented by designers and software developers. In the infrastructural development it is pertinent to ask: Who should decide how people interact, appropriate and innovate using common cultural heritage and history?
The key to understanding information infrastructures for digital cultural heritage, access to them and their use is addressing the diversity of the characteristics and mechanisms that can contribute to cultural commons. Commons are often thought of as a governance structure and process in which a specific set of rules is in place. However, rather than being explicitly defined and stated, these rules tend to arise from social practices and interactions among people connected to particular resources. In both of the cases reviewed here, the boundaries of common-pool resources and rules-in-use were defined, and sometimes even dictated, by the project partners. Even if the rules were partly formal and party informal, the formal social agreements (license agreement, consortium agreement) permeated the interactions between human and non-human actors. One of the key findings of the established commons-research tradition is that a rich and very specific set of rules has been in use in resilient commons over a long period of time. These rules were well matched to local needs and conditions, and people using and sustaining the commons had a chance to negotiate these rules (Hess and Ostrom 2007, p. 7) . The cases and experiences discussed in this article indicate that, if in the co-design of information infrastructures we would like to move towards more flexible, open-ended and commons-like approaches, then we need to direct more design attention and infrastructuring activities towards negotiating the governance regimes and terms of participation with all the stakeholders. Professional designers should reflect more on whether and how they impose their own values, politics, and attitudes through codesign and infrastructuring activities; as well as how these concerns are reflected in the design process, and in the emerging infrastructure.
In the case of EUscreen, the designers and software developers encountered resistance from the memory and cultural institutions that were providing audiovisual materials for the platform. During the development of the portal, the designers felt that some representatives from these institutions were reluctant to share authority or control over the materials. This hindered the participation and creative re-use activities. Along with complicated rights issues related to the released content, other challenges for collaboration might be at play. This observation is supported in the literature by a study mapping the factors hindering cultural heritage institutions' opening their descriptive metadata on cultural objects (Verwayen et al. 2011) , and by a survey that studied the status quo for digitized and open cultural heritage materials, and the attitudes of cultural and memory institutions (Estermann 2015) . However, when instances of concrete collaboration could be rehearsed in secure settings within the projects, everybody recognized the value and potential that existed here.
In the case of Fusion, the software development failed to attract end-user developers. Ironically, this might have been the result of the different layers of Fusion becoming isolated systems, centrally designed in different research institutions and controlled by individual developers. Even if the developed software is Open Source on all levels, commons-based activities and collective action becomes difficult if so-called end-user developers do not have a long-term investment in the infrastructure. In addition, there was little motivation or incentive for content communities to create common resources that would span different communities, even if the project had sought communities with similar interests in different countries. One problematic issue thus became that the co-design and infrastructuring efforts concentrated more on understanding communities' media practices and on translating them into design language, and not so much on facilitating potential developer communities or on tapping into existing common-pool software resources, before the software development (and the financed project) was in the final stage.
Rules of participation
Participating in and contributing to knowledge or cultural commons are often voluntary (as in the Wikimedia Commons already mentioned). In both of our cases, people participated in the co-design activities, e.g. in the hands-on workshops and hacking sessions on a voluntary basis. Sometimes tensions can arise if some people 127 Infrastructuring for Cultural Commons are contributing without compensation on a voluntary basis, while others participate as part of their daily job (e.g. those employed by project partners or collaborating institutions, such as school teachers). Especially in the context of Fusion's co-design process there was an imbalance between how much time and effort the participants invested, and what concrete and intangible benefits participating community members gained from the process. In infrastructural development there should be an emphasis on collectively negotiating and articulating the terms of participation and on explicitly discussing everyone's expectations.
Common-pool digital cultural heritage resources are often selected and pooled by institutions or emerge through the processes of inclusion/exclusion that they tend to control, consequently the rules of participation end-up being dictated by those same institutions. A key point is questioning and paying attention to how these cultural materials are designated as 'cultural heritage' in the first place, as this is an originating site of definition and potential conflict, long-term friction, and shifting perceptions, where infrastructures are difficult to pinpoint and have mainly evolved in closed terms. Because of this, infrastructuring processes deeply influence the notion of the commons, and to whom it belongs, to whom its rules apply, and who gets to participate in setting those rules.
The relationship between different local and global needs is also relevant in our cases, as locally and nationally created and nurtured collections of media (both institutional and everyday arrangements) are subject to third-party commercial interests and commodification when pooled for a global, open infrastructure, and further subject to terms/rules of use that people can not influence. Interestingly, in the context of European digital cultural heritage, the EU has recently made significant efforts -through policy guidelines and channelling of funding, from which both of the cases discussed here benefited -to support monetization of this cultural commons globally, and creating new business models and opportunities for sustainability. Commons has often been considered an alternative or as complementary to the dichotomy between market and state, and yet the EU Commission's strategy for public cultural heritage seems to be directed at commercial sustainability, rather than at sustainable cultural commons.
Concluding remarks
In this article we have reflected on our participation in the design and development of two information systems: Fusion and EUscreen. These two infrastructural initiatives were aimed at contributing, from different angles, to wider public access to, and appropriation of, European audiovisual cultural heritage and digital culture in general. Through the notions of installed base and gateway we have shed light on some strategies for infrastructural development for digital audiovisual cultural heritage, and in the process discussed how design can contribute to sustainable cultural commons. We believe that engagement with the notion of installed base is a useful move for identifying and reviewing in depth what are the components of existing infrastructures and their characteristics, and how they are brought into being and put to use. Probing an installed base can also reveal what conflicts and contradictions can be inherited in it, and in turn, contribute to the design contexts at hand. Active probing and understanding of an infrastructure's installed base can be a useful device for the design and development process, and can be helpful for better identifying infrastructural challenges.
The concept of gateway can be used as a practical infrastructuring strategy that helps to identify incompatible socio-technical infrastructures and practices, and identify any design workarounds, interventions and pilots necessary to bridge them, and to stimulate and simulate these new configurations. Learning from our cases we argue that initiatives that aim to support the revitalization of cultural heritage through digitization should focus more on the collaborative dimensions that their platforms and infrastructures are aimed at. Our experiences point to the importance of building bridges between different actors and resources, as well as weaving together different contexts and practices as potential infrastructuring activities that could be beneficial to all involved stakeholders. In addition, building on our cases we argue that creating socio-technical workarounds, ad-hoc arrangements and prototypes in order to simulate and stimulate the current and emerging practices is valuable for infrastructural development. These explorations have a specific role in enhancing technologies and practices, and further, in these staged instances, stakeholders have a possibility to collaboratively create common ground and build shared resources. If adequate, flexible gateways can be proposed during the infrastructural development, more cultural commons can arise.
Despite the limitations of these projects, experiences in Fusion and EUscreen reveal glimpses of the potential that exists when fostering a productive, collaborative relationship between institutionalized digital cultural heritage preservation initiatives and more amateur and peer-to-peer online media practices and infrastructures. Digital cultural heritage infrastructures, when not only concerned with preservation of and creating access to digital cultural heritage, can become catalysts in the construction of shared cultural resources that also enable collaboration between diverse audiences. Doing the work of participatory, collaborative infrastructuring leads to, or makes visible, discussions of and frictions over what is useful and necessary in a given context, and what can be considered cultural commons and for whom. If digital cultural heritage initiatives take the collaborative dimensions of infrastructuring more seriously into consideration, then the likelihood of nurturing sustainable cultural commons improves. We hope our work is a contribution to that.
